T
HE destruction of discrete regions in the brain by electric current has been used as an investigative technique in ncurophysiology for over 50 years. 2 More recently, stereotaxy has been successful as a means of locating deep structures; one of the methods used to produce lesions in conjunction with this technique is electrocoagulation. Mullan, et al., 5 recently gave a clear account of the use of direct current for the production of lesions in nerve tissue, and Rowland, et al., 6 considered the use of pulsed bidirectional direct current. Several physicians 1'3'7-11 have considered the use of alternating current, but have concentrated upon the use of monopolar electrodes and the production of relatively large lesions, such as are appropriate in the human nucleus ventralis lateralis thalami. Our study has been mainly an investigation of smaller lesions produced with bipolar electrodes, more appropriate for use in experimental animals, and possibly in the human lower brain stem and spinal cord.
Materials and Methods
Three separate generators were used to cover the frequency spectrum from 400 Hz to ~0 MHz. For the range 400 Hz to 400 KHz, a Hewlett Packard model ~00 C.D. sine-wave oscillator was used to excite a power amplifier. The range 500 KHz to 8 MHz was covered by a self-excited power oscillator (Fig. 1) tank coils. Power output was adjusted by the series screen resistor network. The output was link-coupled from the tank coil, with the number of turns adjusted to yield an output impedance of s
ohms. An output of ~0 MHz was provided from a crystal-controlled oscillator exciting a power stage via a tripler. In all instruments, transformer coupling of the output stage was used. Under operating conditions, the effect of varying load did not significantly alter the frequency of oscillation during coagulation.
An optical comparison method was used for measuring the current, since thermocouple R.F. milliammeters have very poor overload tolerance. This consisted of three identical panel lamps of suitable current rating (40 mA or ~50 mA), one lamp connected in each electrode lead, and the third connected in series with a milliammeter to a variable current source. As the light output of an incandescent lamp varies as the fourth power of the current flowing through it, an accurate measure of the current flowing in the electrode circuit could be obtained by adjusting the current flowing in the third lamp until its brightness was equal to that of the other lamps. The current could then be obtained by adjusting the current flowing in the third lamp until its brightness was equal to that of the other lamps. The current could then be read from the milliammeter. With visual comparison, an accuracy of • 5% was easily obtainable.
Electrodes were made of 0.4-mm diameter stainless steel wire with pointed tips, insulated with two thin coats of baked "Epoxylite." The insulation was scraped off the tips for a measured distance using a dissecting microscope. For the first part of this investigation, we used a standard electrode configuration of ~ mm bare shaft and ~ mm separation. In addition, we used larger electrodeswith tips 1.5 mm in diameter and 4 mm long, and porcelain-insulated shafts with a separation of 6 mm (a size commonly used 400 Peter G. Petty and George Edsall clinically).* Electrode impedance was measured in two ways. With a 50 Hz impedance bridge, the impedance was found to be approximately ~00 ohms, depending upon electrode configuration and the intervening medium. With a substitution method at 1.5 M H z , a similar figure was obtained. The steps in the substitution method were:
1. Adjust generator output impedance (Zo) for m a x i m u m power transfer to the electrodes, s Substitute an ohmic (non inductive) load (Zs) of suitable value to obtain the same power transfer, 3. Then Zo = Zs = Z~I where ZEI = electrode impedance.
The tissue coagulated was initially egg albumen at 37~ and subsequently brain of suitably anesthetized animals, and on two occasions h u m a n brain adjacent to a nlalign a n t t u m o r prior to removal. Egg albumen had the considerable advantages of ready availability and transparency, and appeared to behave under these conditions in a mannet similar to brain tissue (Aranow). 1 The progress of the lesions in egg albumen was photographed with a Grass K y m o g r a p h camera (model C4D). In brain tissue, after placement of the lesions, the animal was perfused with 10% formalin, and the brain removed and placed in 10% formalin immediately after excision. Frozen sections were cut at 100/z thickness; serial sections (1 in 5) were m o u n t e d and stained with gallocyanin. In addition, lesions were measured directly on the face of the tissue block every 500 /z as cutting proceeded. A few specimens were embedded in paraffin and cut at 15 /z and m o u n t e d and stained with gallocyanin, to show b e t t e r cellular detail at high magnification.
